Brief description of the basic idea of the design of timber joints with glued rods is given. The application of joints with glued-in rods for the semi-rigid frame joint design is introduced. Several types of joints are shown with respect to the practical application. The organization of experiments and specimens preparation is described. Test of joints and timber frames in the scale 1:1 and the results and their evaluation are briefly presented. The finite element analysis by the ANSYS program of the timber joint model is introduced and results are compared with the experimental data. The frame joint with steel part enabling in-situ assembly of the frame is prepared for the continuing research. The connection of timber and steel member for hybrid frame is shown and the results of the tested joint are shown.
Introduction
The need to decrease energy consumption for the civil engineering structures leads to the use of more natural materials as it is for instance the wood. However the connection of the timber is the critical part of any structure. The stresses concentrated at joints are acting usually at connections in several directions. The wood properties are entirely different at the grain direction and at the perpendicular direction. The connection can be easily destroyed because of the exceeded strength in one direction. The forces in the other direction could be meanwhile safely transferred. The structure has to be designed with respect to the ultimate limit state and this requires connections that are able to transfer all the possible stresses under the structural service.
The connections of timber structures are usually acting as pinned joints transferring axial and shear forces only. Rigidity of joints with respect to the bending moments is usually not satisfactory. Therefore the buildings need necessary bracings that restrict the utilization of plane views of buildings. The design of rigid or semi-rigid timber frame can be one of the possible solutions for several stories building for dwelling houses or offices etc.
One of the possible solutions is the application of glued-in-rods that is relatively long time known technique [1] , [2] , [3] . These types of joint has good look, reminding old types of carpenter joints, and no steel parts are visible. The fire protection of the joint is also good, as the steel is hidden in the timber. The steel parts at joints can help to transfer concentrated forces. In the following contribution the forgoing research on the behavior of the glued-in-rods connections for the semi rigid timber frame is described.
The first pilot tests were made on the cut wood timber in our previous research [3] . Lamella laminated timber was further used for the joints and for the real size frames. Several types of connections were tested. First type uses glued-in rods on both side of the connection (the column and the beam). The other type of joint (called hybrid connection) used glued-in rods in beams and Fig.2 Placing of rods the rods are bolted to the steel column. The third type uses steel tubular part with rods glued in to the beam and bolted with nuts to the timber column. Different diameters of threaded rods were used. Basic shapes of frames were also tested and evaluated. The results of experimental testing on the real size model of the semi rigid frame are shown. More then 30 joints and 2 frames were tested till the May 2006. The research and experiments are continuing further.
The comparison of experiments and FEM analysis is performed. The analytical models based on the components method are used to express the relation between bending moment and rotation. One of final aims is to receive representative curve for the moment -rotation ratio and to express the rigidity of the timber semi-rigid joint. The solution of semi-rigid timber frame could follow procedures described at [4] .
Experimental program 2.Joints specimens
The experimental testing was concerned on the behavior of joints of horizontal beam and vertical column. The glued-in rods in rigid frame joint are subjected to the combined influence of normal and shear stresses and the behavior of whole joint is the matter of interest. The pull out tests of glued-in rods was provided for the information only. Three types of joint system were prepared and tested.The typical frame corners of ┌, ├ and ┼ shape were prepared and tested (Fig.1) . The rods were glued in timber perpendicularly to grain at the column part and parallel to the grain at the beam part of joint. The glued-in rod has In the column stiffening effect on the member. These types of joints were studied with the aim to receive data about rigidity of the joint. Columns of joints were 1000 mm long, beams were 600 mm long. About 27 joints of given 3 types were tested up to now and also two frames in the scale 1:1 were tested to the collapse (Fig.5) . The used dimensions of columns 180 x 180 mm and beams 180 x 280 mm corresponds to the frames that could be used for the life load 3.0 kN/m 2 . The frame joints are designed using thethreaded glued-in rods for the tension and compression. Rods are placed in the position similar to the reinforcement in the concrete cross section (Fig.2) . There is no contact between two connected timber parts to avoid undesirable stresses perpendicular to the grain. At the upper and lower line were placed three rods Ø14 mm. The depth of drilled Fig.1 ), therefore the bending moment and shear force was under control. The deflection of fully glued joints were measured, especially the rotation of the beams with respect to the columns (Fig.1 ). On these joints the stress-strain ratio up to the ultimate strength was measured. The large frames were tested at horizontal position and they were loaded by two loads in the thirds of the span of the beam (Fig.3) . The loads represented the reactions of secondary beams at the proposed ceiling system. Horizontal load at the frame corner was used to simulate wind force corresponding to the part of the building about 12 m tall.
Another possible arrangement of steel rods was also checked. The specimens with 7 rods of Ø10 mm, placed in two rows at the compressed and tension part were alternatively tested, but no significant improvement of results occurred, therefore the larger rods of diameter Ø14 mm were used in further experiments.
To eliminate influences of the combined rigidity of both connected timber members on the behavior of the joint, the beam member connected by glued-in rods to the rigid steel column was tested. This type of joint allowed us to study the behavior of steel rods in timber under combined effect of shear and tension or compression without the effect of the column deflection. The tested joint gave the information about the behavior of hybrid steel-timber joint and also about the possible hybrid steel-timber structure (Fig. 3) .The practical usage of the joint with glued-in rods in both parts of the semi rigid frame is possible only when the workshop assembly is prepared. To enable the assembly of the frame in-situ, the steel tubular rectangular part of the joint that is bolted by nuts to the timber column was prepared. The steel rectangular stiffening plates at the bottom of tubes were used. These joints are working as semi rigid joints at the timber frame (Fig.4) . The full scale test of semi rigid frame with glued-in rods and also with steel bolted parts were also performed (Fig.5 ).
Materials and technology used
For the laminated Czech spruce timber the Swedish glue either Cascomin 1242 or Cascomin 1240 produced by AZKO NOBEL was used. The steel threaded rods, zinc coated are made from steel S235, but the threads are cold formed, therefore the yield point is 95% of the ultimate strength. Steel were tested informatively for the tension, modulus of elasticity was used nominally guaranteed by the steel and rods producer. The steel used for the tubular rectangular section is S355. Threaded rods are glued into the timber by epoxy resin with small viscosity less then 5 Pa.s. to obtain good filling by the glue in 200 mm deep holes. Epoxy resin 455 was used with the hardener Telalit 0252. Epoxy is low molecular weight resin based on biphenyl A modified by The joints were assembled from beam part and column part with glued-in rods. The holes for the rods were drilled by electrical hand drilling machines and the diameter Ǿ15 mm of holes was used. We realized the offset 1mm is good for the technology of gluing. The depth of holes was in general about 200 mm that corresponds to the recommended values for glued-in rods axially loaded by today valid code.
The properties of laminated timber are varying even in between the lamellas in one cross section. The only strength of the cut out lamella parallel to the grain and perpendicular to the grain was tested for the each set of specimens. This allows us to classify the wood roughly. The wide variety of wood used by the producer of laminated profiles does not allow us to measure all material properties in enough representative way on limited amount of samples. Therefore the other obviously not used wood material properties for the FEM analysis were taken from the publication [5] . For the 3D FEM analysis we need all material characteristics that are not well known. Because of the composite character of the wood, the orthotropic homogeneous model used in ANSYS analysis is not fully valid.
Experimental results

Joints with both sides glued-in rods
The main result of testing is M-φ curves that display the relationship between bending moment and corresponding rotation in the joint. Another studied quantity was the failure mode. Some first results of some tests and compression with FEM solution are given at Fig. 13 . Further evaluation of rigidity thata are based on more data is under progress. The comparisison of the behavior of separated joints and behavior of semi rigid frame is necessary. The effective size of jointed parts at the frame is bigger then for the tested separate joints and the frames resist to bigger bending moments then separate joints. The slope of M-φ curves determines the stiffness of the joint. Four M-φ curves of tested ├ joints can be seen on the Fig. 13 . The comparison with the calculated M-φ curve by FEM model is showing more rigid behavior of FEM model then the tested joints have.
Hybrid joints
Joints have cracked in different modes. The collapses of joints occurred in general in two modes.
Fig.7 Shear collapse of the beam at the hybrid joint Fig.6 Starting cracks perpendicular to the grain at glued-in rods joint
When the timber quality was good, the reason for the collapse was the crack of the threaded rod. We received more often the crack of the timber in the direction perpendicular to the grain (Fig.6 ). The collapse continued at the shear slip of the timber around the rods. The glue bonding was usually good and no pure slip out of the rod occurred in the layer of glue. The hybrid joints of the timber beam and steel rigid column behave differently then joints with both side glued-in rods shown. There were tested joints with rods of Ø10 mm and Ø14 mm. Joints with rods Ø10 mm cracked at loads closed to the limit load of the beam. The joint with rods Ø14 mm collapsed a little earlier.
Mode of the collapse was the relatively sudden horizontal shear crack of the beam (Fig.7 ) the other mode was the collapse of the nuts at threads.
The results of tests of hybrid joints are shown at Fig. 8 . The collapse mode was more brittle than the collapse of joints with glued -in rods on both sides.
Bolted joints
The pilot tests of joint with bolted steel rectangular tube had shown the necessity of good tightening of nuts (Fig.9) . One of the M-φ curves from the pilot test is shown at the Fig. 10 . The reason for the final collapse of the joint was the shear in the wood around rods. The weak point that was always the strength of the wood perpendicular to grain did not occurred. The vertical connecting rod between upper and lower steel tube transfers shear forces. The strenght of joints was closed to the strength of the beam. Further testing of these joints and frames in the scale 1:1 is under the progress. 
Frame test
The test of the frame in the scale 1:1 with both side glued-in rods shows a better behavior then the single joints. The starting cracks were again at joints due to the small strength of wood perpendicular to the grain. After the occurance of these cracks the frame was carrying further increasing load and final collapse occurred at the middle of the beam (Fig. 11) . The maximum loads correspond quiet well to the calculated value of the strength of the rigid frame.
Analysis -FEM model and component method
For the purpose of numerical analysis the program ANSYS 10 was used. The SOLID45 was the basic element used for the timber modelling and SOLID64 was used for the steel rods and layer of epoxy. They are an eight-node element with three DOF's at each node (translations in x, y and z direction). It allows the use of a non-linear material properties and it can be used for the consideration of large deformations and stresses. FEM models correspond exactly to the geometry of tested joints. Only a half of the geometry was created and therefore fine mesh was possible to use and the computational time was decreased. Material properties of timber that were not tested were taken from the [5] . Material properties used for the FEM models are given in the table Tab.1. Wood was modelled as linear orthotropic material. Threaded rods were tested and the yield point f u = 400 MPa, was found. Young's modulus of elasticity was taken as E = 210 GPa. Poisson ratio was considered by the value of 0.3. Mechanical characteristics of resin were used as follows: f y = 60 MPa, E = 2500 MPa and Poisson ratio = 0.25. These values were given by the resin producer.
The material models for steel and glue in ANSYS were considered as ideal elasto-plastic materials; the ultimate strength point for the glue is assumed to be equal to the 2 -free rod in the gap -tension/compression a 3 -rod parallel to tension fibres a 4 -rod parallel to compressed fibres a 5 -rod perpendicular to compressed fibres a 6 -shear of the timber at the column a 7 -shear of the timber at the beam Another analytical possibility to express behavior of the joint is the component method. For the joint with glued-in rods on both sides is possible to introduce components according to Fig.15 . At all marked components it is possible to determine their ultimate strengths according to the virtual work principals that are formed at EC5. The more detailed discussion on the subject is at [6] , [7] 4 Discussion and conclusion
Evaluations of provided experiments show acceptable correspondence of experimental data and FEM analysis. The differences are mainly caused because of the lack of enough appropriate material constants for the wood. The stiffness of frame with glued-in rods resulted from the tests 1:1 was acceptable and shows possibility for the practical applications. The problem of glued-in rods is in the reasonable technology of their installation. The laboratory technology used needs some industrial tools especially for the mixing of resin and also for the appropriate filling of holes for the rods. The grip of steel threaded rods and timber was found to be good enough. For the practical application is necessary to prepare technology for in-situ assemblage, preferably using bolts and nuts. The steel boxes with welded glued-in rods were added to the beams and opposite side of boxes are bolted to the rods glued-in the column of frame or the joint. These elements were calculated by FEM analysis, steel modeled as elasto-plastic material. Materiel properties were expressed as bilinear curve. The experiments are now in progress.
Based on today finished experiments and their FEM analysis and component models we can express the idelised M-φ curve according to the relation at Fig.16 . Prepared assembly with the steel parts in joints allow practical application and easy assembly of the frame and also works as strengthening of the joint and should increase the real stiffness of the joint. The better knowledge of the material properties used should also give better description of the model behavior.
It is possible to conclude that the semi-rigid frame with glued-in rods is one of possibilities how to build timber skeleton without obvious bracing and to have better flexibility in architectural design of the building. 
